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WO EEHANEE. YRR ZERS T (DSC) 5, WAL 1A Er TR S = T Al-Mg-Si-Zr-XEr & 42 I 208 4k it 2% |
TEM 23, gt HiBUEaeFl TTT Bk, 520X g AtT thal 15 5 R TTT Rk . S5 REH: Er mHmMmEmie
BT prAEMIMTH, 7E 540 CE ¥ 1 h+180 ‘CH R 5 h i, Al-Mg-Si-Zr-0.3Er &4 FH i g AHGH /NS ST TR BT s B Er TR S
M, G&EGEREHEMR, BAEERC, &4 AT HBUERRIEIS, /0 96.3. 93.6 Fi1 84.9 ki/mol: #3115
TR N Yeoi=1-exp[-1.534x10t exp(—17382.7/T)]+  Yer,=1-exp[-5.86510"t"exp(~16895.3/T)] . Yeros=1-exp[-2.965%
10"t+%exp(-15324.9/T)]; TTT ML T A: Teo1=17382.7/[30.4+1.5Int-InIn(1-Y) "] Tew2=16895.3/[29.4+1.5Int-InIn(1-Y)™].

Ter03=15324.9/[26.4+1.5Int-InIn(1-Y) "]
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2.1 Al-Mg-Si-Zr-XEr &&1R# DSC #iZkhn g 14T
BERE
1 NE G Al-Mg-Si-Zr-XEr (X=0.1%, 0.2%,
0.3%, FWESHD &4 DSC k. mTLlEH, A

F 1 LIS AI-Mg-Si-Zr-XEr A& ELER S
Table 1 Chemical composition of experimental Al-Mg-Si-Zr-XEr
alloys (w/%0)
Alloy No.  Er Si Mg Mn Cu Zr Al

1 011 103 078 022 081 0.16 Bal
2 022 102 08 019 079 015 Bal
3 032 104 079 021 079 015 Bal
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Fig.1 DSC curves of Al-Mg-Si-Zr-XEr alloy sheets after

as-quenched temper
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Fig.2 p" phase formation peaks for Al-Mg-Si-Zr-XEr alloy sheets and the determination of activation energy for " phase formation

(Y-volume fraction, T-temperature, ¢-heating rate): (a) 5" phase formation peaks, (b) Y-T curves, (c) dY/dt-T curves, and

(d) In[(dY/dT)( $ /f(Y))]-L/T curves

#+ 2 Al-Mg-Si-Zr-XEr &€ pHHRTHEINESH
Table 2 Kinetics parameters for " precipitation of the Al-Mg-Si-Zr-XEr alloys

Er content, X/% Q/kJ mol™? ko/ X 108 min™* Kinetics expressions
0.1 96.3 6.168 Y=1-exp[-1.534 10"t %exp(~17382.7/T)]
0.2 93.6 3.252 Y=1-exp[-5.865>10"t"%exp(—16895.3/T)]
0.3 84.9 0.4446 Y=1-exp[-2.965x10"t*exp(~15324.9/T)]

%= 3 Al-Mg-Si-Zr-XEr &€& p"HE TTT RizX
Table 3 TTT expressions for g phase of the Al-Mg-Si-Zr-

XEr alloys
Er content, X/% TTT expressions
0.1 T=17382.7/[30.4+1.5Int-InIn(1-Y)™]
0.2 T=16895.3/[29.4+1.5Int—InIn(1-Y)™]
0.3 T=15324.9/[26.4+1.5Int-InIn(1-Y)?]
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Table 4 Begin and end time for g phase transformation of
the Al-Mg-Si-Zr-XEr alloys aged at 180 C

Er content, X/% Begin time/min End time/min
0.1 27.94 423.11
0.2 26.68 403.43
0.3 19.49 294.12
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Fig.4 Hardness-time curves of Al-Mg-Si-Zr-XEr alloys aged
at180 C
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1) Er. Zr TR BB MIEE# 7 Al-Mg-Si-Zr-XEr
(X=0.1%, 0.2%, 0.3%) &4+ p AT . B Er SG&R
RN, A4 BT EE RE K, 4k 96.3. 93.6
F184.9 ki/mol.

2) Al-Mg-Si-Zr-XEr &4 B HMT 130 157772 53
N: Yeni=1-exp[-1.534x10%texp(-17382.7/T)]+ Yero2=
1-exp[-5.865%10"t"°exp(—16895.3/T)]. Yers=1-exp[-2.965%
10" t+exp(—-15324.9/T)].
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Precipitation Kinetics for " Phase of Al-Mg-Si-Zr-XEr Alloys

Zhao Qian®, Yuan Xiaoguang®, Huang Hongjun', Zhao Peng?
(1. Shenyang University of Technology, Shenyang 110870, China)
(2. Shenyang Equipment Manufacturing Engineering School, Shenyang 110026, China)

Abstract: The hardness-time curves, TEM microstructures, TTT curves and precipitate activation energy of g” phase for Al-Mg-Si-Zr-XEr alloys
were investigated by performance testing, microstructure observation and differential thermal analysis, and kinetics expressions and TTT
expressions of g” phase were acquired. The results show that the addition of Er element accelerates the dispersively precipitation of the " phase,
and the fine and uniform p” phase of Al-Mg-Si-Zr-0.3Er alloy precipitates dispersively after the solution treatment at 540 <C for 1 h followed by aging
at 180 <C for 5 h. As the element Er content increases, the hardening rate of the alloy is significantly accelerated, the softening rate is decreased, and the
precipitate activation energy of 8" phase is decreased, which are 96.3, 93.6 and 84.9 kJ/mol. The kinetics expressions are obtained as follows:
Yero1=1-exp[-1.534 10"t exp(~17382.7/T)], Yern2=1-exp[-5.865x10"t"%exp(~16895.3/T)], Yeros=1—exp[-2.965x10™t %exp(-15324.9/T)]. The TTT
expressions are obtained as follows: Tg01=17382.7/[30.4+1.5Int-InIn(1-Y)™], Te0.=16895.3/[29.4+1.5Int—InIn(1-Y)™], Ter0s=15324.9/[26.4+
1.5Int-InIn(1-Y)™].

Key words: Al-Mg-Si alloy; " phase; precipitation Kinetics; TTT curves
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